Khaleghi M.R. (2017): The influence of deforestation and anthropogenic activities on runoff generation. J. For. Sci., In recent decades, due to rapid human population increases and in its results, destructive effects of anthropogenic activities on natural resources have become a great challenge. Land use and vegetation are important factors in soil erosion and runoff generation. This study was performed to assess the effects of different amounts of forest cover on the control of runoff and soil loss in the Talar basin, which is located in Mazandaran province, using a runoffrainfall model, geographical information system (GIS) and remote sensing (RS) to determine the hydrologic effects of deforestation on the Talar watershed (north of Iran). A runoff-rainfall model has been presented using GIS (HECGeoHMS) and hydrologic model (HEC-HMS). Land use changes (deforestation) and anthropogenic activities (roads and impervious surfaces development) were evaluated using RS techniques and satellite images. We used the Soil Conservation Service and Curve Number methods for hydrograph simulation and runoff estimation, respectively. First, a model was performed and optimized. Afterward, the optimized model was evaluated by other six events of floods (model validation). According to the obtained results, the runoff generation potential has been increased in the Talar watershed due to deforestation during the last forty years. Land use changes cause an increase in runoff volume and flood peak discharge.
In recent decades, due to rapid human population increases, destruction of forest lands and improper cultivation practices (land use changes) have been seriously degrading native forest ecosystems and have caused undesirable effects in the watershed hydrologic conditions. Intensive cultivation and land use mismanagement are important factors in soil erosion and runoff generation (Bahrami et al. 2010; Gholzom, Gholami 2012) . Human activities have always been accompanied by changes in land structure, destruction of natural resources and urban development (Amouei et al. 2012; Yousefi et al. 2013; Khaleghi et al. 2014) . Cosmopolitan area developments on the surface of the watershed will include the increase of peak discharge and runoff volume of the watershed (Jain, Sinha 2003; Burns et al. 2005; Brilly et al. 2006; Pappas et al. 2008; Gholami et al. 2009 Gholami et al. , 2010 Seifan 2009 ). Iran is the second largest country in the Middle East and almost 87% of the country' territory is located in arid and semi-arid regions (Khaleghi et al. 2011) . Deforestation in Iran has been more rapid in the past 50 years than at any time in Iran's history and hence as a result of deforestation and land use mismanagement, soil degradation is the most serious and main environmental problem (Dooge 1959; Dagnachew et al. 2003; Zheng et al. 2005; Bahrami et al. 2010) . Deforestation, poor agricultural measurement practices and the use of marginal lands for cultivation purposes are notable examples of measures being implemented (UNEP 2000; Eswaran et al. 2001; Liu et al. 2002; Solomon 2005) . Unfortunately, the population increase process, anomalous and incorrect use of natural resources in the northern part of Iran have been continued when they resulted in the occurrence of recent floods. Therefore, it is necessary to prevent such deplorable events through managing the environment and natural resources. Also, it is imperative to understand both direct and indirect influence and also relative importance of human activities on runoff generation and consequently accelerated soil erosion, which is critical to the management of regional water resources. However, quantitative analysis and evaluation of the anthropogenic effects of human activities on runoff in rivers are still limited. On the other hand, in watershed planning and flood management, estimation of the maximum flood discharge is necessary for predicting the watershed hydrological behaviour. Flood management in a basin would not be successful unless watershed hydrological behaviours are predicted (Parise 2003; Bhadra et al. 2008; Khaleghi et al. 2011) . Runoff production and its behaviour are a function of different types of land use and land use changes. The hydrological response of a river basin is a function of the relationship between basin geomorphology (catchments area, shape of basin, topography, channel slope, stream density and channel storage) and its hydrology (Loukas et al. 1996; Shamseldin, Nash 1998; Ajward, Muzik 2000; Nourani et al. 2009 ). In the Mediterranean region, there is a great deal of evidence to show that unreasonable land use and soil cover accelerate water erosion processes and consequently land degradation (Nunes et al. 2011) . Different studies have indicated the positive effect of vegetation cover in the regulation of hydrological processes and decrease of runoff and soil loss (Liu et al. 2002; Dunjó et al. 2004; Kirkby et al. 2005; Morgan 2005; Wei et al. 2007; Qadir et al. 2008; Salehi et al. 2008; Seeger, Ries 2008; Yimer et al. 2008; Huang et al. 2010; Gholami, Khaleghi 2013 ). In the field of simulation of the hydrological behaviour of watersheds, Christopher et al. (2001) and Stone (2001) presented a runoff-rainfall model using geographical information system (GIS) and the Hydrologic Engineering Centre's Hydrologic Modelling System (HEC-HMS) software (Version 2.0.3, 1999) . Their results indicated the ability of the method in the simulation of flood hydrograph of a watershed. Simulation of a rainfall-runoff process for estimating the runoff volume and the peak discharge value of watershed has been investigated by different hydrologists. Knowing the peak discharge value and the runoff volume of a watershed has a crucial role in managing natural disasters and designing and constructing water structures. Therefore, different methods have been developed. Each of these methods has their own merits and demerits. Lack or low accuracy of rain data, high cost, lack of information in catchments and long waiting time in obtaining results are the major problems in hydrological prediction (Wang, Chen 1996; Maheepala et al. 2001; Vaes et al. 2001; Lopez et al. 2005; Vahabi, Ghafouri 2009 ). The Soil Conservation Service (SCS) curve number method, developed by the SCS of the United States Department of Agriculture (USDA) is widely used for predicting direct runoff volume for a given rainfall event and also for runoff simulations, and can be used for studying the effect of human activities on runoff (Soulis et al. 2009; Wang et al. 2009 ). The main reason for the selection of SCS method is that it accounts for many of the factors affecting runoff generation and hence describes the effects of land use/cover change on the hydrological process (Wang et al. 2009 ). Many studies have been carried out on the efficiency of SCS method as an artificial unit hydrograph (Gupta et al. 1980; Snyder et al. 2002; Jeng, Coon 2003; Geetha et al. 2008; Moretti, Montanari 2008; Singh et al. 2008; Tyagi et al. 2008; Soulis et al. 2009 ). Due to the widespread use and general acceptance of the Soil Conservation Service-Curve Number (SCS-CN) method, its applicability was investigated in various regions and for various land uses and climate conditions, while CN values were obtained experimentally from the Antecedent Moisture Conditions including rainfall and runoff measurements over a wide range of geographic, soil, and land management conditions (King, Balogh 2008; Soulis et al. 2009 ).
The main objective of this study is to investigate the fundamental mechanism for the generation of surface runoff, as well as to analyse the SCS-CN method applicability in the Talar watershed with regard to deforestation and subsequent intensive cultivation in different time spans in Mazandaran province, north of Iran. Therefore, the results enable a better understanding of different aspects of the human-induced soil degradation and the sustainable use of soil in the future.
MATERIAL AND METHODS
Study area. Talar watershed, the area of which is about 68 km 2 , is located in the northern part of Iran, within the limits of eastern longitude 53°18' to 53°30' and northern latitude 35°58' to 35°07' in the eastern part of Mazandaran province (Fig. 1) . The climate of the zone is semi-humid and cold and its average annual precipitation is 791 mm and the average temperature is 11°C. The average, maximum and minimum height of the watershed is 1,672, 3,349 and 1,120 m a.s.l., respectively. The average slope of the watershed, the average slope of the main channel and the length of the main channel are 15.8%, 13% and 16.5 km, respectively. There is a hydrometer station at the outlet of the watershed and a rainfall recorder station upstream of it.
Methodology. We used different satellite images for evaluating land use changes in the study area. Landsat Thematic Mapper and Enhanced Thematic Mapper Plus (ETM + ) images and remote sensing (RS) techniques were used to evaluate land use changes during about forty years . The land use maps of the watershed surface were applied using the curve number changes in Antecedent Moisture Conditions (AMC) ІІ. In the next step, the influence of these changes on intensifying runoff generation on the surface of Talar watershed was studied quantitatively using a runoffrainfall model. HEC-HMS was used for presenting the runoff-rainfall model. The physical model of the watershed was simulated using the Geospatial Hydrologic Modelling Extension (HEC-GeoHMS), extension in ArcGIS (Version 10.2, 2013) environment, and the digital elevation model when the surface of the watershed was divided into 32 small sub-basin areas. The implications of urbanization on runoff processes depend on the scale of the watershed area and magnitude of urban development. Small-sized river basins, which are densely urbanized, are more affected by the urban runoff flows than large-sized rivers flowing through large cities, where the local urban runoff peaks contribute towards a rather small proportion of the river flow (Maksimovic, Tucci 2001) . Hence small urban rivers are more fitting for the study of these effects (Moldan, Cerny 1994; Foster et al. 1995) . Then the physical model of the watershed was entered into the HEC-HMS software environment. The secondary data of the rainfall of Sangdeh rain recorder station and the flood hydrograph of the Valicben hydrometric station and six rainfall events in 2004-2015 were applied for presenting the model (Table 1) .
The method of hydrograph synthesis employed by the SCS of the USDA uses an average number of natural unit hydrographs for watersheds varying widely in size and geographical locations (Chow et al. 1988; Nourani et al. 2009 ). For the current Fig. 1 . The location of the study area (Talar catchment) analysis, all the storm events producing significant direct runoff that took place from August 2004 to September 2015 were used (6 events).
In the SCS model (flood hydrograph simulation), the lag time (flood routing method), t l , shall be determined using watershed physical properties, such as area, main river length, average slope, CN, afterward the synthetic unit hydrograph can be computed. Curve number (runoff estimation method) is estimated with respect to land use and soil hydrological group maps in different AMC (dry, average and moist) and hydrological conditions. Initial losses (S, mm) including the whole interception, infiltration, transmission in the soil and surface are calculated as Eq. 1:
Runoff (Q, mm) calculation is given below as Eq. 2 taking values from 0, when S => ∞, to 100, when S = 0:   2 0.25 0.85
where: P -maximum precipitation in 24 h (mm).
After calculating runoff due to a rain storm, the maximum flood discharge (Q max , m 3 ·s -1 ) was calculated (Eq. 3):
where: A -basic area (km 2 ), Q -runoff (mm), t p -time of flood crest which is evaluated by the time of concentration (t c ) in a minute.
Rainfall was simulated in 30 min increments on the watershed surface (based on the secondary data of rain gauge station). The model was optimized by the initial loss and lag time parameters of the sub-basin areas (SCS-Lag) and in the next step, the efficiency of the optimized hydrologic model was confirmed by comparing the results from using the model for simulating the hydrograph of the other six flood events with the recorded flood hydrographs. After evaluating the hydrologic model of Talar watershed, changes in land use (with the curve number criterion) and impervious surface growth were applied for a rainfall event during the last forty years. It is to note that the model was implemented only by entering the changes and even rainfall intensity on the whole watershed surface. At last, the influence of man's activities and environmental changes resulting from them in intensifying runoff generation and flood hazard have quantitatively been investigated during the last forty years. Man's activities were evaluated based on the development of roads and impervious surface during the study period. We performed the modelling process using the secondary data of rainfall and flood hydrograph. Afterward, the model was optimized and validated. Finally, the validated model was used to evaluate the effects of land use changes on runoff generation (value and volume). The changes in CN and initial loss were used to evaluate the effects of land use change in the model. The percent of impervious areas was applied as criteria for man's activities in the model.
RESULTS
Ten flood events were used for modelling the rainfall-runoff process. Six of them were used for modelling and the others for model validation. Two land use maps for the years 1967 and 2015 were provided. The land use maps show the changes in forest areas during the study period (Fig. 2) . Table 1 presents the information on the rain intensity of Sangdeh rain recorder station and the flood hydrograph of the Valicben hydrometric station and six rainfall events in 2004-2015. The efficiency of the model was evaluated and confirmed after optimizing the model using the optimized model for simulating the outlet hydrograph of Talar watershed for six flood events. The comparison of the simulated hydrograph with the observed hydrograph of one of the events used for evaluating the model is shown in Fig. 3 . The simulated hydrographs of two events are shown in Fig. 4 . Using the GIS abilities, the land use changes have been investigated during the last forty years and their results are shown in Table 2 . 
The rainfall of one of the previous events was considered for evaluating the influence of deforestation on the potential of runoff generation and flood hazard. The model was implemented only by changing the impervious land percent, the curve number changes (land use and vegetation) and initial loss in different time frames and the influence of impervious land development, destruction of forests and changing them into agricultural lands on runoff generation and the peak discharge increase and flood volume were investigated. In fact, a rainfall was considered for the model in different time frames and only the changes resulting from land use were applied in the model and their effects were investigated. The results from the influence of land use changes on runoff generation, peak discharge and flood volume are presented in Table 3 . Finally, the influence of the set of activities such as making a road network, urban development, destruction of forests and changing them into agricultural areas was investigated and the results are presented in Table 4 . Comparing the simulated hydrograph by the model with the recorded hydrograph at Valicben hydrometric station for one or some of the events before and after optimizing the model is shown in Fig. 5 .
DISCUSSION
The Talar watershed was selected for this study because as a forest area and also an area with low population density, it has been less exposed to destruction and land use changes in comparison with other places in Iran. But even in such watersheds, deforestation has been accompanied by land use changes, destruction of natural resources and urban development. Anthropogenic effects and man's activities, in the form of urban development and land use changes, have increased the hazard of flood events and watershed vulnerability to rainfalls and rain storms concerning runoff generation and peak discharge. Increasing runoff generation and peak discharge will be more drastic after heavier rainfalls (Camorani et al. 2005 ). In the case of outlet runoff values, not all tested methods possess high agreement with the observed hydrograph. Forests caused a reduction of runoff generation and flood hazard by increasing the permeability of the soil and water-holding capacity of the watershed area (Wahl et al. 2005) . But the impervious area development on the surface of the watershed will include the increase in peak discharge and runoff volume of the watershed (Brilly et al. 2006; Pappas et al. 2008) . On the other hand, the influence of urban development has been much more remarkable on the surface of the sub-basin areas which have undergone considerable impervious surface development. Land use changes have occurred in the northern part of the watershed which regarding the local situation of these land use changes on the surface of the watershed, their influence on the peak discharge and the outlet runoff volume of the watershed has been greater than the influence of the impervious surface development. The research results have indicated a higher influence of urban development on the volume and peak discharge of the sub-basin areas or in the surface unit (Brown 1988; Riley 1998) . According to the results obtained from the research, the runoff generation potential has been increased by approximately 60% for a rainfall event in Talar watershed due to deforestation on the surface of the watershed during forty years. Also, the runoff and sediment generation potential has been increased in Talar watershed due to deforestation during the last forty years. Unfortunately, the process of land use change and forest destruction is to be continued in northern Iran. Moreover, climate changes will affect the forest growth in the study area (Gholami et al. 2017 ). Therefore, we will observe undesired conditions of the forest areas in northern Iran due to an increase in runoff generation and flood hazard. The purpose of this study was to evaluate the effects of human activities on runoff generation and flood hazard. This goal has been achieved by the use of GIS, RS and HEC-HMS model. It is to note that the study area is a forest area with the low population density which in comparison with other areas has been exposed to deforestation to a lesser extent and where the rate of runoff volume and peak discharge and finally intensifying flood hazard will be increased by heavier rainfalls and this process of the urban development and destruction of forest lands is being continued. The runoff generation potential increases throughout soil compaction and land use changes. Moreover, runoff increases during the stronger rainfall. Hence, land use management and forest conservation practices should be considered for the study area. Therefore, afforestation projects are suggested to control the flood hazard and to decrease the runoff generation potential.
